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© Potyoxyalkylene alkenyl ether malelc ester copolymer and use thereof. 

© A copolymer of <a) a polyoxyalkylene alkenyl ether represented by formula (I): 

[0(AO).R]i 

Z [0(AO)fcR^], 

'^(0(A0)cH3„ 



(I) 



CM 
< 



CM 
CO 

CO 
CO 



CL 
lU 



wherein 2 is a residue of a compound having from 2 to 8 hydroxyl groups; AO is an oxyalkylene group 
having from 2 to 18 carbon atoms: R is an alkenyl group having from 2 to 18 carbon atoms; R' is a 
hydrocarbon group having from 1 to 40 carbon atoms; a2 0;b2 0:c2 0; t 21:m2 0:n^0:t -•- m -•- n 
= 2to8;al+bm+cn=1to 100; and n/(t + m + n) S 1/3. 
and (b) a maleic ester of a compound represented by fomiula (11): 
R20(A'0)dH (II) 

wherein is a hydrocarbon group having from 1 to 40 carbon atoms; A«0 is an oxyalkylene group having 
from 2 to 18 carbon atoms; and d is from 0 to 100; 
or formula (III): 



Z' 



CO(A*0).R']p 
CO(A^3)jH3, 



(III) 
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wherein is a residue of a compound containing fron^ 2 to 8 hydroxyi groups; A20 is an oxyalkyJene group 
having from 2 to 18 carb»on atoms; is a hydrocarbon group having from 1 to 40 cartoon atoms; e ^ 0; f ^ 
0; p ^ 0; Q ^ 1; p + q = 2 to 8; and ep + fq = 0 to 100. The copolymer is useful as an emulsifier, a 
dispersant. or an additive for cement. 
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POLYOXYALKYLENE ALKENYL ETHER-M ALEIC ESTER COPOLYMER AND USE THEREOF 

FIELD OF THE INVENTiON 

This invention relates to a novel copolymer of a polyoxyalkylene alkenyl ether and a maleic ester and 
an emuisifier. dispersant or cement additive comprising the same. 

BACKGROUND OF THE INVENTION 



Copolymers of maleic anhydride and a compound having an unsaturated group have found their 
application in various fields. For example, a salt of a diisobutylene-maleic anhydride copolymer is used as a 
dispersant in an aqueous system as described in Cement & Concrete , No, 478. p. 7 (1986). and an ethyl or 
butyl ester of a methyl vinyl ether-maleic anhydride copolymer is used in cosmetics as descrit>ed in Hanyo 
75 Genryoshu . p. 161. K. K, Yakuji Nipposha (1985). It has t>een proposed to use a copolymer of ,a 
polyoxyalkylene monoalkenyl ether and a maleic ester of a polyalkylene glycol or a monoaJkyI ether thereof 
as a dispersant for cement as disclosed in JP-A-59-162162 (the term "JP-A" as used herein means an 
"unexamined published Japanese patent application"). 

However, copolymers of an olefin, e.g., diisobutylene. and maleic anhydride, while non-neutralized, are 
20 soluble only in Hmited kinds of solvents such as toluene. When converted to their salts, they are soluble 
only in water. Further, having an average molecular weight in thousands, these copolymers are limited in 
application. 

Esters of methyl vinyl ether-maleic anhydride copolymers are poor in lipophilic properties and therefore 
unsuitable for use as emuisifier or dispersant. 
25 Copolymers of a polyoxyalkylene monoalkenyl ether and a maleic ester of a polyalkylene glycol or a 
monoalkyi ether thereof, though effective as additive for cement, exhibit poor lipophilic properties. Further, 
similarly to the a-olefin-maleic anhydride copolymers, they are of limited application due to their average 
molecular weight in thousands. 



SUMMARY OF THE INVENTION 



An object of this Invention is to provide a novel copolymer which is of wide application as an emuisifier. 
35 a dispersant, an additive for cement, and the like. 

This invention provides a copolymer of (a) a polyoxyalkylene alkenyl ether represented by formula (I): 

^(0(A0)^R3i 
2— [0(AO),^^U (I) 



\ 



[0(A0)^], 



wherein Z is a residue of a compound having from 2 to 8 hydroxyl groups; AO is an oxyalkylene group 
having from 2 to 18 carbon atoms; R is an alkenyl group having from 2 to 18 cariMn atoms; R' is a 
hydrocart>on group having from 1 to 40 carbon atoms; a > 0; b ^ 0: c ^ 0; I S 1; m S 0; n S 0; I + m + n 
= 2 to 8; at + bm + cn - 1 to 100; and n/{l + m + n) £ 1/3. 
and (b) a maleic ester of a compound represented by formula (II): 
R20(A^O)dH (H) 

wherein is a hydrocartxwi group having from 1 to 40 carbon atoms; A^O is an oxyalkylene group having 
from 2 to 18 carbon atoms; and d Is from 0 to 100; 
or formula (111): 
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[0(A^O).R^]p 

Z^'^ (III) 



[0(A^0)£H3 



wherein Z' is a residue of a compound containing from 2 to 8 hydroxyl groups; A^O is an oxyalkylene group 
having from 2 to 18 carbon atoms; is a hydrocarbon group having from 1 to 40 carbon atoms; e ^ 0; f ^ 
0; p ^ 0; q ^ 1; p + q = 2 to 8; and ep + fq = 0 to 100. 

BRIEF DESCRiPTION OF THE DRAWINGS 

Figure 1 is an infrared absorption spjectrum of the copolymer prepared in Example 2, 
Figure 2 is an infrared absorption spectrum of the copolymer prepared in Example 3. 

DETAILED DESCRIPTION OF THE INVENTION 

A molar ratio of component <a) to component (b) in the copolymer of the present invention is preferably 
from 3:7 to 7:3. more preferably ^x>ut 1:1 . 

In formula (I), the hydroxyl-containing compound providing a residue represented by Z includes glycols, 
e.g.. ethylene glycol, propylene glycol, butylene glycol, hexylene glycol, styrene glycol, an alkylene glycol 
having from 8 to 18 carljon atoms, and neopentyl glycol: polyhydric alcohols, e.g.. glycerin, diglycerin, 
polyglycerin. trimethylolethane. trimethylolpropane, 1 .3,5-pentanetriol. erythritol. pentaerythritol, dipen- 
taerythritol. sortntol/sorbitan. sorbide. a condensation product of sorbitol and glycerin, adonitol, arabitol. 
xylitol, and mannitol; partial ethers or esters of the polyhydric alcohol; saccharides, e.g.. xylose, arablnose. 
ribose. rhamnose, glucose, fructose, galactose, mannose, sorl>ose, cellobiose. maltose, isomaltose. 
trehalose, sucrose, raffinose, gentianose, and melezitose; and partial ethers or esters of the saccharide. 

The oxyalkylene group as represented by AO is derived from ethylene oxide, propylene oxide, butylene 
oxide, tetrahydrofuran, styrene oxide, an a-oleftn oxide having from 6 to 18 carbon atoms, etc. Specific 
examples are oxyethylene, oxypropylene. oxybutylene. oxytetramethylene. and oxystyrene groups and an 
oxyalkylene group having from 6 to 18 cartjon atoms. Where the oxyalkylene group comprises two or more 
kinds of alkylene moieties, they may be linked either in blocks or at random. 

The alkenyl group having from 2 to 18 cartx)n atoms as represented by R preferably includes those 
having an unsaturated bond at the terminal thereof, e.g.. vinyl, allyl. methallyl. isoprenyt. dodecenyl, 
octadecenyl. and allylphenyl groups. 

The hydrocarbon group having from 1 to 40 carbon atoms as represented by R' includes methyl, ethyl, 
propyl, isopropyl. butyl, isobutyl. t-butyl, amyl. isoamyl. hexyl, heptyl. octyl. 2-ethylhexyl. nonyl. decy!. 
undecyl. dodecyl. isotrldecyl. tetradecyl, hexadecyl, isocetyl, octadecyl. isostearyl. oleyl, octyldodecyl. 
docosyl. decyltetradecyl. benzyl, cresyl, butylphenyl. dibulylphenyl, octylphenyl. nonylphenyl, dodecyl- 
phenyf. dioctylphenyl, dinonylphenyl, and styrenated phenyl groups. 

In formula (I). 1. m. and n are limited for the reasons set forth t)elow. 1 must be at least 1 for 
accomplishing copolymerization. If the numt>er of hydroxyl groups. I.e., n. is too large, copolymerization with 
maleic anhydride would be attended by esterification with maleic anhydride, unfavorably resulting in 
formation of a three-dimensional structure. Accordingly, a relation of n/{t + m + n) ^ 1/3 is preferred. 

In fomiulae (II) and (III), R^ and R^ have the same mearting as R^; A*0 and A^O have the same meaning 
as AO; and Z* has the same meaning as Z. 

The copolymer according to the present invention can be prepared as follows. The polyoxyalkylene 
alkenyl ether of formula (I) and maleic anhydride are copolymerized in the presence of a radical 
polymerization initiator such as benzoyl peroxide. The resulting copolymer Is ttien esterified with the 
compound of fonnula (II) or (III). Alternatively, maleic anhydride and the compound of formula (11) or (III) are 
subjected to esterification. and tiie resulting ester is then copolymerized witii the polyoxyalkylene alkenyl 
ether of formula (I) in the presence of a radical polymerization initiator. 

The malefc ester unit in the copolymer may be in the form of a monoester or a diester. 

The copolymer according to tiie present invention Is a high-molecular weight surface active agent 
having a weight average molecular weight of more than 1,000. sometimes far up In ten tfiousands. The 
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hydrophilic moiety of the copolymer is assigned to the oxyethylene group and hydroxy! grpup in AO. A'O 
or A^O and a carboxyl group formed on ester formation, while the lipophilic moiety is assigned to the 
hydrocarbon group in R\ or R3 and the oxyalkylene group having 3 or more carbon atoms in AO, A'O or 
A^O. Thus, it is possible to increase the proportion of the hydrophilic moiety for use as a water-soluble 

5 compound, for example, an additive for cement or a dispersant in an aqueous system, or to increase the 
proportion of the lipophilic moiety for use as an oil-soluble compound, for example, a dispersant for a non- 
aqueous system. For use as an oil-soluble compound, the copolymer of the present invention may further 
contain other lipophilic units derived from lipophilic moieties copolymerizable with the polyoxyalkylene 
alkenyl ether and maleic anhydride, e.g., styrene. o-olefins, acrylic esters, methacrylic esters, and vinyl 

to acetate. 

The polyoxyalkylene alkenyl ether-maleic ester copolymer having the specific structure as described 
above is a high-molecular weight surface active agent which can be rendered either water-soluble or oil- 
soluble and is of very wide application as an emulsifier. a dispersant. or an additive for cement. 

The present invention is now illustrated in greater detail by way of Examples, but it should be 
75 understood that the present invention is not deemed to be limited thereto. All the percents are by weight 
unless otherwise indicated. 

PREPARATION EXAMPLE 1 

20 



Preparation of Compound of Formula (I) 



In an autoclave were charged 32 g of methanol and 1.1 g of sodium methylate as a catalyst. After 
purging the autoclave with nitrogen. 396 g of ethylene oxide was slowly introduced thereinto at 140 C at a 
pressure of from about 0.5 to 5 kg/cm^G to conduct an addition reaction. After completion of the reaction, 
the reaction mixture was cooled to room temperature. 75 g of sodium hydroxide was added thereto. 

30 followed by heating to 110* C. and the mixture was dehydrated In a nitrogen atmosphere under reduced 
pressure of about 20 mmHg. Nitrogen was then added thereto to raise the pressure to 1 kg/cm^G. and 98 g 
of allyl chloride was slowly added to the mixture while stirring. The alkalinity of the reaction mixture fells 
and. after 4 hours from the commencement off reaction, assumed a nearly steady value, at which the 
reaction was stopped. The reaction mixture was neutralized with hydrochloric acid, and the by-produced salt 

35 was separated by filtration to recover an allyl etfier. 



PREPARATION EXAMPLE 2 
Preparation of Compound of Formula (1) 



45 In an autoclave were charged 58 g of allyl alcohol and 5.6 g of potassium hydroxide as a catalyst. After 
purging the autoclave with nitrogen. 2320 g of propylene oxide was slowly introduced thereinto at 100 C at 
a pressure off from atx)ut 0.5 to 5 kg/cm^G to conduct an addition reaction. After completion of the reaction, 
the catalyst was neutralized with hydrochloric add, and the by-produced potassium chloride was removed 
by filtration. To 1624 g of the recovered product was slowly added 21 g of metallic sodium, the mixture was 

so heated to 110* C, and 186 g of dodecyl chloride was added thereto while stining. The alkalinity of the 
reaction mhcture fell and. after 4 hours from the commencement of the reaction, assumed an almost steady 
value, at which the reaction was ceased. The reaction mixture was neutralized with hydrochloric add. and 
the by-produced salt was removed to obtain an allyl ether. 

55 

PREPARATION EXAMPLE 3 
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Preparation of Compound of Formula (I) 

In an autoclave were charged 92 g of glycerin. 5 g of boron trifluoride ethyl etherate as a catalyst, and 
432 g of tetrahydrofiiran. After purging the autoclave with nitrogen, 264 g of ethylene oxide was slowly 
introduced thereinto at 70* C at a pressure of from about 0.5 to 5 kg/cm^G to conduct an addition reaction. 
After completion of the reaction, the catalyst was neutralized with sodium carbonate, and the by-produced 
salt was removed by filtration. To 630.4 g of the resulting product was slowly added 50 g of metallic 
sodium, and 180 g of methallyl chloride was slowly added thereto at 100 C with stirring. The alkalinity of 
the reaction mixture fell and. after 4 hours from the start of the reaction, assumed an almost steady value, 
at which the reacfion was stopped. The reaction mixture was neutralized with hydrochloric aad. and the by- 
produced salt was removed by filtration to recover a methallyl ether. 



PREPARATION EXAMPLES 4 TO 12 



Various polyoxyalkylene alkenyl ethers of fomiula (I) shown in Table 1 below were prepared in the 
same manner as in Preparation Examples 1 to 3. 
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Preparation of Maleic Anhydride Copolymer 


Allyl ether of Preparation Exannple 1 


468 g (1 mot) 


Maleic Anhydride 


98 g (1 moi) 


Benzoyl peroxide 


6 g (1% based on monomers) 


Toluene 


566 g (the same weight as monomers) 



The above components were charged in a four-necked flask equipped with a cooling pipe, a pipe for 
introducing nitrogen, a thermometer, and a stirrer. The mixture was heated to 80 ' C in a nitrogen stream 
and stirred for 4 hours to conduct a copolymerization reaction. 

Toluene was removed by distillation at 1 10* C under reduced pressure of about 10 mmHg to obtain 510 
g of a maleic anhydride copolymer as a clear viscous liquid. 

The resulting maleic anhydride copolymer was analyzed to obtain the following results: 



Elementary Analysis: 


Calcd. (%): 
Found (%): 


C 55.11; 

C 55.07; 


CO CO 
CO 00 

X X 



Degree of Saponification: 196.3 (calcd.: 198.2) 

Weight Average A/lolecuiar Weight: 13300 (measured by gel-permeation chromatography, hereinafter the 
same) 

EXAMPLE 1 

A copolymerization reaction was carried out in the same manner as in Preparation Example 13. except 
for using the following components and changing the copolymerization temperature to 70 C. 



Alkenyl ether of Preparation Example 4 


248 g (1 mol) 


&is(ethytene glycol) maleate 


204 g (1 mol) 


Azobisisobutyronitriie 


5 g (1.1% based on monomers) 


Toluene 


452 g (the same weight as monomers) 



Toluene was removed by distillation at 110* C under reduced pressure of about 10 mmHg to obtain 420 g 
of a copolymer as a clear viscous liquid. ^ 



Elementary Analysis: 


Calcd. (%): 
Found (%): 


C 52.5; 
C 52.0: 


H7.5 
H7.0 



Degree of Saponification: 240 (cafcd.: 248) 
Weight Average (Molecular Weight 2000 



EXAMPLE 2 



In 600 g of pyridine were dissolved 550 g of the maleic anhydride copolymer as obtained in Preparation 
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Example 13 and 600 g of a polyoxy ethylene polyoxypropylene glycol random copolymer having a structural 
formula of H0{C3H6 0)7(C2H40)4}H. and the solution was refluxed at 110 to 120* C for 4 hours. Pyridine 
was removed by distillation under reduced pressure of 10 mmHg or less at 110 to 120* C to obtain 1085 g 
of a copolymer as a clear viscous liquid. 



Elementary Analysis: 


Calcd. (%): 
Found (%): 


C57.1; 
C56.4; 


H8-4 
H8.4 



Degree of Saponification: 93.2 (calcd.: 92.3) 
Weight Average Molecular Weight: 13.500 

The infrared absorption spectrum of the copolymer is shown in Fig. 1, 

EXAMPLE 3 

* 

The same procedure of Examjple 2 was repeated, except for replacing tt>e compound as used in 
Example 2 with 46 g of ethanol and changing the reaction temperature to 70 to 80* C, to obtain 590 g of a 
copolymer as a clear viscous Uqutd. 



25 


Bementary Analysis: 




Calcd. (%): 


C54.9; 


H 8.5 




Found (%): 


G54,6; 


H8.2 



30 

Degree of Saponification: 188 (calcd.: 183) 
Weight Average Molecular Weight: 13,300 



05 EXAMPLES 4 TO 12 

Copolymers shown In Table 2 below were prepare in the same manner as in tiie foregoing Examples. 
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EXAMPLE 15 



Each of the copolymers prepared in Examples 4 to 9 was tested for performance as an emulslfier in the 
following composition. 



10 



Polydimethylsiloxane (100.000 est) 

Emulsifier 
Water 



35% 
5% 
60% 



15 



20 



A mixture of polydimethylsiloxane and the copolymer was heated to 70* C. and water at 70'C was 
slowly added thereto to emulsify the mixture. The resulting emulsion was allowed to stand in a thermostat at 
40* C for 1 month to examine emulsion stability. 

For comparison, the same test was conducted but using the same amount of a nonionic surface acUve 
agent in place of the copolymer of the present invention. 

The results of examination are shown in Table 3 t>elow. 

TABLE 3 



25 



30 



35 



40 



Emulsifier of Example 


State of Emulsion 
After Standing 


Remarks 


Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Example 9 

Ci8H370(C2H40)6H 

1:1 (by weight) mixture of sorbitan monostearate 
and polyoxyethylene (20 mol) sorbitan 
monosterate 


Milky white liquid 
Milky white liquid 
Milky white liquid 
Milky white liquid 
Milky white liquid 
Milky white liquid 
separated in two 
layers 

separated in two 
layers 


Invention 
Invention 
Invention 
Invention 
Invention 
Invention 
Comparison 

Comparison 



It can be seen from Table 3 that the emulsions using the copolymer of the present Invention keeps to 
be a stable milky white liquid, proving that the copolymer is an excellent emulsifier. 



45 



EXAMPLE 16 



50 



55 



Each the copolymers prepared in Examples 1 to 9 was tested for performance as a dispersant in the 
following composition. 



Calcium stearate 


50% 


Dispersant 


5% 


Water 


45% 



The dispersant was dissolved In water, and calcium stearate was slowly added and dispersed in the 
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solution at 50' C while stirring by means of a homogenizer to obtain a white viscous slurry. The slurry was 
allowed to stand in a thermostat at 40*C for 1 month to examine dispersion stability. For comparison, the 
same test was carried out using the same amount of a nonionic surface active agent in place of the 
copolymer of the present invention. The results of the test are shown in Table 4 below. 

TABLE 4 



10 


Dispersant of Example 


State of Dispersion After 
Standing 


Remarks 


% 


Example 1 


Fluidity was maintained 


Invention 




Example 2 


Fluidity was maintained 


Invention 




Example 3 


Ruidity was maintained 


Invention 




Example 4 


Ruidity was maintained 


Invention 


15 


Example 5 


Ruidity was maintained 


Invention 




Example 6 


Fluidity was maintained 


Invention 




Example 7 


Fluidity was maintained 


Invention 




Example 8 


Ruidity was maintained 


Invention 




Example 9 


Fluidity was maintained 


Invention 


20 


C8Hi7-C6H4-0{C2H40)isH 


Solidified 


Comparison 




Cl8H370(C2H40)30H 


Solidified 


Comparison 




Polyoxyethylene (20 mol) sorbitan monostearate 


Solidified 


Comparison 



It can be seen from Table 4 that the slunies using the copolymer of the present invention as a 
dispersant maintained a sluny state of stable fluidity, whereas those using a comparative dispersant 
solicfified and lost fluidity. 

EXAMPLE 17 



35 



Each of the copolymers prepared in Examples 1 to 14 was tested for performance as an additive for 
cement in the following composition. 





Water 


165 kg/m3 




Cement 


300 kg/m3 




Sand 


758 kg/m3 


40 


Gravel (max. size: 25 mm) 


1067 kg/ma 




Air entrainng and water reducing agent ("Pozzolith 


0.76kg/m3 




No. SL** produced by Nisso Master Builders Co., 






Ltd.) 






Additive 


3 kg/cm^ (1% based on cement) 


45 


Water/cement ratio 


55.0% 




Sand percentage 


42.0% 



50 



55 



In accordance with JIS R 5201. the atK>ve components were kneaded in a mortar mixer, and the slump 
was measured every 30 minutes. After 60 minutes in Run Nos. 15. 16 and 17 or after 90 minutes in other 
runs, the mixture was cast in a mold (10 x'lO x 40 cm), released from the mold after one day. cured In 
water at 20*C for 7 days from the release, and then allowed to stand at 20'C and 65% RH (relative 
humidity). The dry shrinkage of each sample was measured using a comparator method. For reference, 
compressive strength of each sample was measured after t>eing allowed to stand under the above- 
described conditions to the age of 35 days. The results of these measurements are shown in Table 5 
below. 
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15 



As is shown in Table 5. the copolymers according to the present invention are excellent in prevention of 
slump loss and dry shrinkage without adversely affecting compressive strength, 

. While the invention has been described in detail and with reference to speciic embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

1. A copolymer of (a) a polyoxyalkylene alkenyl ether represented by formula (I): 
(0(AO),R]i 

Z (O(AO)bR^]^ (I) 

so wherein 2 is a residue of a compound having from 2 to 8 hydroxyl groups: AO is an oxyalkylene group 
having from 2 to 18 carbon atoms; R is an alkenyl group having from 2 to 18 carbon atoms; R* is a 
hydrocarbon group having from 1 to 40 carbon atoms; a ^ 0; b ^ 0; c ^ 0; I ^ 1; m ^ 0; n ^ 0; 1 + m + n 
- 2 to 8; at + bm + cn = 1 to 100: and n/(l + m + n) ^ 1/3. 
and (b) a maleic ester of a compound represented by formula (II): 

25 R20(A«0)dH (11) ^ . 

wherein R^ is a hydrocart)on group having from 1 to 40 carbon atoms; A'O is an oxyalkylene group having 

from 2 to 18 cartxin atoms; and d is from 0 to 100; 

or formula (III): 

[0(A^O).R"]p 

y (III) 
^[O(A^O)^], 



35 



40 



Wherein Z' is a residue of a compound containing from 2 to 8 hydroxyl groups; A^O is an oxyalkylene group 
having from 2 to 18 carbon atoms; represents a hydrocarbon group having from 1 to 40 carbon atoms; e 
^ 0; f ^ 0; p i: 0; q ^ 1; p + q = 2 to 8; and ep + fq = 0 to 100- 

2. An emulsifier comprising a copolymer as in claim 1. 

3. A dispersant comrising a copolymer as in claim 1- 

4. An additive for cement comprising a copolymer as in claim 1. 
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@ Polyoxyalkyiene alkenyl ether maleic ester copolymer and use thereof. 

® A copolymer of (a) a polyoxyalkyiene alkenyl ether represented by formula (I): 
CO(AO).R]j 
Z [0(AO)»,R*]. 



(I) 



CO 

< 

CO 
CO 



wherein Z is a residue of a compound having from 2 to 8 hydroxyf groups: AO is an oxyalkylene group 
having from 2 to 18 cart>on atoms; R is an alkenyl group having from 2 to 18 cartMsn atoms: R' is a 
hydrocartion group having from 1 to 40 cartton atoms; a2 0:b2 0;c2 0:121;m2 0;n2 0:t -t-m-t-n 
= 2 to 8; at + bm + cn = 1 to 100: and n/(l + m + n) S 1/3. 
and (b) a maleic ester of a compound represented by formula (II): 

R20(A'0)dH (II) y 
wtierein R^ is a hydrocartxm group having from 1 to 40 cartxm atoms; A*0 is an oxyalkylene group having 
from 2 to 18 carbon atoms: and d is from 0 to 100: 
or formula (III): 



.tO(A*0)^»3p 



(III) 
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wherein Z' is a residue of a compound containing from 2 to 8 hydroxyl groups; A^O is an oxyalkytene group 
having from 2 to 1 8 carbon atoms; is a hydrocarbon group having from 1 to 40 cartxjn atoms; e ^ 0: f 2 
0; p 2^ 0; Q ^ 1; p q = 2 to 8; and ep fq 0 to 100. The copolymer is useful as an emulsifier, a 
dispersant. or an additive for cement 
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